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The repair of congenital defects of the anterior abdominal wall in the newborns and umbilical hernias with a large defect in infancy and childhood is associated with construction of the umbilicus. However, good aesthetic outcome of the repair is dependent on the location of such umbilical scar. The position of the umbilicus varies. It, however, lies between the third and the fourth lumbar vertebrae corresponding to the midpoint of the line joining the two anterior superior iliac spines in healthy adults but may be lower in infants.\[[@ref1][@ref2]\] It was generally thought that the umbilicus is located in the midline but Rohrich *et al*.\[[@ref3]\] have clearly demonstrated that it is not located in the midline for all humans. Therefore, a good cosmetic outcome will not consider only the midline location of the umbilicus, as this landmark alone may not be enough in achieving acceptable cosmesis, but its relationship with some other anatomical landmarks. The construction of the umbilicus following the repair of large anterior abdominal wall defects is often difficult because of the size of the defects, which may make its eventual position to be too high or too low on the anterior abdominal wall. Ultimately, the eventual position of the umbilicus may not be acceptable to the parents as it significantly affects the cosmetic appearance and symmetry of the anterior abdominal wall of the neonate. To overcome this, various studies have tried to develop different techniques and formulae that could be adopted in positioning the umbilicus during umbilicoplasty in the adult population.\[[@ref4][@ref5][@ref6][@ref7][@ref8]\] This study, therefore, tried to determine the normal position of the umbilicus that will preserve the anterior abdominal wall esthetics in African neonates and also guide surgeons during the repair of congenital defects of the anterior abdominal wall in the newborns and umbilical hernias with large defects.

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

This was a cross-sectional study of 896 healthy newborn infants delivered at three large tertiary hospitals within Ibadan metropolis in Nigeria, from January to December 2014. These hospitals are known for delivering standard obstetric care and account for the majority of hospital deliveries within the metropolis. Informed consent was obtained from the mothers of all individual participating newborns included in the study with strict adherence to ethical guidelines of Helsinki Declaration of 1975 as revised in 2000. Ethical approval was obtained from our Institutional Ethical Review Committee before the study commenced.

Excluded from this study were neonates with chromosomal anomalies and congenital defects of the anterior abdominal wall, including omphalocele, bladder, and cloacal exstrophy. Neonates with abdominal masses and distension from any cause as this may interfere with the symmetry of the abdomen and neonates whose mothers refused to give consent to carry out an examination of the abdomen on them were also excluded from the study. The gestational age (GA) at delivery, age at measurement, sex, abdominal girth (AG) measured across the umbilicus, birth weight (BW), body length (BL), and body mass index (BMI) of the newborns were recorded. The babies were placed in supine position and linear measurements of the distance between the xiphoid process and umbilicus (XU), the xiphoid process and the pubis (XP), the umbilicus and the pubis (UP), the umbilicus and the anterior superior iliac spines (UASIS), the distance between the two inter anterior superior iliac spines (IASIS), and the AG measured across the umbilicus were performed using a measuring tape. The following ratios were also calculated; XP: UP, UP: XU, and UASIS: IASIS. Analysis of the data was carried out using the IBM Statistical Package for Social Sciences (SPSS) Version 21, Chicago, U.S.A. Descriptive analysis of the participants\' demography and their measured parameters were performed while Pearson\'s correlation analysis was performed to determine the relationships between the recorded parameters and the various measurements.
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=====================

A total of 896 healthy neonates were recruited into the study, 55.4% were boys and 44.6% were girls. The mean age was 1.71 ± 3.27 days, mean GA was 39.71 ± 12.55 weeks, the mean BW was 3.11 ± 1.13 kg, mean BL was 47.75 ± 3.77 cm, the mean AG was 30.23 ± 2.92 cm, and the mean BMI 12.64 ± 4.33. The mean distances were XP = 11.97 ± 2.09 cm, XU = 7.94 ± 2.74 cm, UP = 4.26 ± 1.21 cm, UASIS = 5.79 ± 1.04 cm, and IASIS = 10.25 ± 1.54 cm. The mean of the ratios obtained were XP: XU = 2.91 ± 0.35, UP: XU = 0.55 ± 0.17, and UASIS: IASIS = 0.57 ± 0.17.

There was a significant correlation between the BW and BL with all the measured distances but no significant relationship was found between them and GA. However, there was a positive and significant correlation between the age at examination and XU (*r* = 0.076, *P* = 0.026) and IASIS (*r* = 0.086, *P* = 0.012) but a negative and significant relationship with the BMI (*r* = −0.100, *P* = 0.003). Furthermore, the AG correlated significantly with XU (*r* = 0.225, *P* = 0.000), UASIS (*r* = 0.221, *P* = 0.000), IASIS (*r* = 0.347, *P* = 0.000), and BMI (*r* = 0.109, *P* = 0.001) \[[Table 1](#T1){ref-type="table"}\].
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The appearance and location of the umbilicus are of cosmetic significance to parents of neonates and infants with large anterior abdominal wall defects. This may also be relevant to an umbilical hernia, a common condition in the pediatric population in Africans and African Americans\[[@ref9]\] with a typical incidence in Nigeria of 91% in children under the age of 6 years.\[[@ref10]\] In addition to this cosmetic significance, Onal *et al*.\[[@ref11]\] suggested that it gives good postoperative recovery when a well-situated umbilicus is used for the laparoscopic procedure in neonates and infants as postoperative pain will be reduced. We observed that the ratio of the distance between the UP to that of xiphoid process to the umbilicus (UP: XU) of 0.55 ± 0.17 varies from 0.61 obtained in a previous study from Turkey\[[@ref11]\] and 60% of the distance measured from the xiphoid process to the pubis as obtained by Williams and Brain.\[[@ref12]\] The difference in the values may be related to the relatively higher incidence of an umbilical hernia with large defects in the African population as the various umbilical measurements (XU, UP, and UASIS) were taken from the edges of the umbilical defect. Therefore, we suggest that a well-located umbilicus in African neonates following a repair of congenital anterior abdominal wall defects and an umbilicus with a large defect should have a UP: XU ratio of 0.55. Applying the method used by Abhyankar *et al*.\[[@ref13]\] in a study conducted on a set of adult female Indian volunteers to determine the position of the umbilicus in neonates and infants, the XP: UP ratio was found to be 2.91 ± 0.35 and the UASIS: IASIS ratio was found to be 0.57 ± 0.17. If two arcs are drawn using each of the anterior superior iliac spine as the center with a radius 0.57 times the distance between the two anterior superior iliac spines, the position of the umbilicus can be considered to be the point of intersection of these arcs at the surgical closure of the anterior abdominal wall defect.

It was also observed that the neonatal anthropometric measurements (BW, BL, and AG) were significantly related to all the measured parameters suggesting that the measurements increase with increasing body size, but the ratios remained the same. This is similar to the findings by Duduković *et al*., in which the ages of the adults used and their anthropometric measurements significantly influenced the position of the umbilicus.\[[@ref8]\] However, the insignificant relationship between the AG and UP may reflect the relative increase the length of XU with increasing AG compared to UP.

Although it has been demonstrated that the umbilicus is not located at the midline for all participants,\[[@ref3]\] the determination of the position of the umbilicus in this study was carried out with reference to the midline. We believe that it is easier to make use of the midline as the habitus,\[[@ref14]\] the shapes of the abdomen and the pelvis in neonates and infants who are still growing are different compared to those of adults.
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========================

The umbilicus is an essential part of the abdomen, and the aesthetics of the abdomen depends on the ability of the surgeon to position the umbilicus correctly during the closure of defects of the anterior abdominal wall in neonates and infants. We suggest that an umbilicus positioned with UP: XU ratio of 0.55 should be adopted during umbilicoplasty for an African neonate. This study has, therefore, provided a guide for surgeons to position the umbilicus during the repair of large congenital defects of the anterior abdominal wall and umbilical hernias with large defects in neonates and older children in the African population.
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